INTRODUCTION
============

Vitamin D is a crucial factor regulating bone and mineral metabolism.\[[@B1]\] Vitamin D facilitates the intestinal absorption of calcium and phosphate, thereby maintaining adequate circulating concentrations of these minerals, which in turn enables normal mineralization of the bone. The significance of vitamin D was discovered through studies of the causes and treatment of rickets.\[[@B2]\] Vitamin D deficiency is recognized as the main cause of rickets, and vitamin D supplementation can cure the disease. Since this discovery, western countries have supplied vitamin D in the forms of fortified foods to prevent rickets. For example, a milk fortification program was implemented in the United States in the 1930s.\[[@B3]\] Currently, various vitamin D-fortified food products are available, such as breakfast cereals, orange juice, and yogurt. Nevertheless, vitamin D levels remain insufficient in most populations, as more people lead indoor lifestyles in modern societies. Recent epidemiological studies indicate high prevalence of vitamin D deficiency and insufficiency worldwide.\[[@B4][@B5][@B6][@B7]\] In Korea, the prevalence of vitamin D insufficiency in the general population is 86.8% in men and 93.3% in women, if a serum 25-hydroxy-vitamin D (25\[OH\]D) level of 30 ng/mL is adopted as the cut-off value.\[[@B7]\]

Recently, osteoporosis and related fractures have become important public health issues in many countries with aging populations. Adequate vitamin D is necessary for osteoporosis management and fracture prevention. International academic societies now recommend 800 to 1,000 IU of vitamin D intake per day.\[[@B8][@B9][@B10]\] Higher doses of vitamin D are often recommended in the case of vitamin D deficiency. Vitamin D can be administered through either oral or intramuscular routes, and can be taken according to various dosing schedules, including daily, weekly, monthly, or even yearly. Intermittent high-dose vitamin D supplementation is effective for achieving and maintaining sufficient vitamin D status.\[[@B11]\] However, it is unclear whether intermittent high-dose vitamin D can reduce the risk of falls or fractures. In addition, the upper limit of serum 25(OH)D levels in terms of long term efficacy and safety remains uncertain. The Korean Society for Bone and Mineral Research (KSBMR) task force team reviewed previous clinical trials regarding these questions. Here, we present the KSBMR perspectives based on the current evidence.

FALLS
=====

Although the results of studies are mixed, a number of studies have demonstrated that daily supplementation with vitamin D, especially with calcium, can reduce falls.\[[@B12]\] Contrary to our expectations, however, no studies have shown significant reductions of falling risk with intermittent high-dose vitamin D supplementation. A recent meta-analysis also concluded that supplementation with intermittent high-dose vitamin D may not be effective for preventing falls among older adults.\[[@B13]\] More disappointing is that some studies even showed increased risk of falls after high-dose vitamin D supplementation.\[[@B14][@B15][@B16]\] In a randomized controlled trial of community-dwelling women aged 70 years or older, annual oral administration of 500,000 IU vitamin D~3~ for 3 to 5 years was associated with an increased risk of falls (incidence rate ratio \[RR\], 1.15; 95% confidence interval \[CI\], 1.02-1.30; *P*=0.03).\[[@B14]\] The incidence RR of falls was higher during the first 3 months following dosing than during the remaining 9 months of the year. In the vitamin D group, 25(OH)D levels increased at 1 month after dosing to approximately 48 ng/mL, were approximately 36 ng/mL at 3 months, and remained higher than the placebo group 12 months after dosing. These results suggest that excessive serum 25(OH)D levels might be deleterious for fall prevention. In a 9-month randomized controlled trial in older postmenopausal women, thrice-monthly oral 150,000 IU vitamin D~3~ supplementation also seemed to have a deleterious effect on falls.\[[@B15]\] The odds ratio for the vitamin D group compared with the placebo group was 1.58 (95% CI, 0.83-2.99) for multiple falls, although the difference was not statistically significant. In a recent randomized clinical trial conducted in community-dwelling men and women 70 years and older who had experienced prior falls, participants were divided into three groups, including a low-dose control group receiving 24,000 IU of vitamin D~3~ monthly, a group receiving 60,000 IU of vitamin D~3~ monthly, and a group receiving 24,000 IU of vitamin D~3~ plus 300 µg of calcifediol monthly.\[[@B16]\] The results showed that higher monthly doses of vitamin D were associated with an increased risk of falls compared with 24,000 IU over a 12-month follow-up.

FRACTURES
=========

Most clinical trials that tested intermittent high-dose vitamin D supplementation showed no beneficial effect on fracture risk. The meta-analysis mentioned above showed no significant effects of treatment on hip or non-vertebral fracture risk among older adults.\[[@B13]\] As far as we know, only one study has demonstrated a beneficial effect of intermittent high-dose vitamin D on fracture risk.\[[@B17]\] In this randomized controlled trial, four monthly supplementation with 100,000 IU oral vitamin D~3~ over 5 years reduced fractures in elderly individuals living in the general community with relative risks of 0.78 (95% CI, 0.61-0.99; *P*=0.04) for any first fracture and 0.67 (95% CI, 0.48-0.93, *P*=0.02) for first hip, wrist or forearm, or vertebral fracture in the vitamin D group compared with the placebo group. In contrast, other randomized clinical trials reported increased risk of fractures after intermittent high-dose vitamin D administration.\[[@B14][@B18]\] Annual intramuscular injections of 300,000 IU vitamin D~2~ repeated over 3 years increased hip fracture risk in people aged 75 years and over who were recruited from general practice registers in England with a hazard ratio (HR) of 1.49 (95% CI, 1.02--2.18; *P*=0.04) in the vitamin D group.\[[@B18]\] According to subgroup analyses by gender, the tendency for increased fracture risk was particularly observed among women, among whom the HRs were 1.21 (95% CI, 1.00-1.47; *P*=0.05) for any non-vertebral fractures and 1.59 (95% CI, 1.17-2.16; *P*=0.003) for hip, femur, or wrist fractures. An aforementioned clinical trial of annual oral supplementation of 500,000 IU vitamin D~3~ for 3 to 5 years also increased fractures in community-dwelling elderly women.\[[@B14]\] The incidence RR for fracture in the vitamin D group was 1.26 (95% CI, 1.00-1.59; *P*=0.047). Although the difference was not statistically significant, this temporal pattern was also observed with higher fracture incidence (RR 1.53; 95% CI, 0.95-2.46) during the first 3 months after dosing compared with the following 9 months (RR 1.18; 95% CI, 0.91-1.54), which suggests that 25(OH)D levels that are too high during the first 3 months may not be beneficial for fracture risk reduction.

CONCLUSION
==========

Although intermittent administration of high-dose vitamin D seems to be an effective and convenient way of achieving optimal vitamin D levels, its long-term effectiveness on fall and fracture prevention is uncertain. Studies have yielded results that were not significant or that even suggested deleterious effects of vitamin D treatment on falls or fractures, although the exact cause of such effects is unclear. Increased mobility and improved physical performance after high-dose vitamin D supplementation is a plausible cause without clear supporting evidence.\[[@B19]\] A biological possibility that has been suggested cites altered enzymatic activity related to vitamin D metabolism. To be specific, high-dose vitamin D may decrease 1,25(OH)2D levels by triggering short-term up-regulation of CYP24, the enzyme that catabolizes 1,25(OH)2D.\[[@B19]\] Another possibility includes direct effects of vitamin D on bone cells, which may not always be beneficial for bone health. Depending on the experimental conditions or genetically modified animal models used, vitamin D metabolites may show beneficial or deleterious direct effects on the bone.\[[@B20]\] Vitamin D can release calcium from the skeleton by increasing bone resorption and suppressing bone matrix mineralization, and can stimulate osteoclast formation by inducing the expression of receptor activator of nuclear factor-κB ligand (RANKL) by osteoblastic cells.\[[@B21]\] Therefore, under conditions of calcium deficiency, vitamin D may sacrifice bone to maintain normal serum calcium homeostasis. Increased bone resorption after a high-dose vitamin D administration was also suggested in a previous clinical trial, in which a single oral bolus of 600,000 IU vitamin D~3~ was associated with increases in bone resorption markers in elderly subjects.\[[@B22]\]

In conclusion, more studies are necessary to clarify the effects of high-dose vitamin D on falls and fractures. However, in the meantime, clinicians should be careful regarding the routine use of high-dose vitamin D. Based on the current evidence, we present the following Perspectives of the KSBMR task force team on intermittent high-dose vitamin D supplementation, described below. Adequate supply of vitamin D is necessary for the prevention of falls and fractures in postmenopausal women and men older than 50 years. We generally recommend an oral intake of 800 to 1,000 IU of vitamin D per day.Clinicians should be careful regarding the routine use of intermittent high-dose vitamin D, considering the results of large-scale clinical trials that showed increased risk of falls or fractures after high-dose vitamin D administration. We recommend intermittent high-dose vitamin D supplementation only in cases of malabsorption or when oral administration is not suitable.We suggest that monitoring serum 25(OH)D levels is advisable, especially when intermittent high-dose vitamin D is used for supplementation. We also recommend that serum 25(OH)D levels greater than 20 ng/mL are generally appropriate for the prevention of osteoporosis and serum 25(OH)D levels greater than 30 ng/mL are likely helpful for the management of osteoporosis and prevention of fractures and falls. However, serum 25(OH)D levels greater than 50 ng/mL (this value can vary depending on the measurement method used) is unnecessary and may be undesirable.The present Perspectives are relevant when it comes to the management of osteoporosis, falls, or fractures. Other metabolic bone diseases or non-skeletal disorders are not within the scope of the present Perspectives.
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